A process of diffusion of new rice varieties called participatory varietal selection (PVS) through participatory varietal testing was adopted in this study. The objective of this study was to introduce a participatory approach in using new rice varieties including NERICA to improve the productivity of rice in Niger. Six intra and inter specific varieties of rice and a local control (IR1529) NERICA-L-49 and NERICA-L-39 and one intra-specific, WAS 4-BB-9-1-4-TGR 48. These varieties were selected for their high production potential (6 to 7 T/ha in rural areas) and quality (good taste, good ability for processing, etc.). These varieties were approved in 2007. These new varieties were registered in national catalogue of plant species and varieties in 2012. Currently these varieties are disseminated on all irrigation schemes of Niger. This new strategy of introduction and diffusion of new technologies involving all the stakeholders in the sector in the process of evaluating new technologies helped accelerating the adoption of new rice technologies in Niger.
INTRODUCTION
Rice is an important food crop in SubSaharan Africa. However, the production of the most commonly grown local rice species is inadequate. They are broadly grouped into: Oryza sativa of Asian origin and the African rice (Oryza glaberrima). Several factors have affected their yields (ADRAO, 1996) .
To overcome this situation, AfricaRice (WARDA) developed a new type of rice NERICA (New Rice for Africa), with high yields and resistance to local constraints mainly designed for African small scale rice production conditions. The new plant type combines the advantage of having a rapid growth rate that suppress the adventitious plants, resistance and/or a tolerance to local stress inherited from the African parent plant, a high grain production and a resistance to lodging inherited from the Asiatic parent plant. NERICA is very popular with farmers not only because of it growth characteristics but also because of its grain quality (good taste) (ADRAO, 2005) .
The new rice for Africa grows very well with low input where farmers cannot afford fertilizers or pesticides.
With the first success of NERICA upland, AfricaRice (WARDA) has targeted the rain fed low land and the irrigated systems with the inter specific crossings adapted to these ecosystems. For irrigated agroecosystem the first NERICA targeted were fixed 10 years ago.
In 2004, the evaluation of 70 intra and inter specific varieties of rice was done in many member countries of Africa Rice (WARDA) (Mali, Burkina Faso, and Niger) . In Niger, the tests were conducted on two sites Sébéry and Bonféba. After two years of experiments (2004) (2005) , six intra and inter specific varieties were selected by the INRAN crop breeding program. These six varieties selected have proved to be the most productive and their yields were higher than those of the local control variety (check) which is IR1529-680-3 about 50% in yield. Furthermore, they are early maturing and their tolerance to rice yellow mottle virus (score1of SES IRRI scale marking) which makes them preferred for rice production in Niger ( Niger ROCACARIZ report,2005) .
Also, during a field visit at Bonféba site at maturity stage, these varieties were the most preferred by the farmers. The agronomic characteristics that lead to their choice are mainly: tillering ability (35.5%), early maturity (10.1%), grains thickness (15.8%), panicle height (14.1%), plant height (5.4%), disease resistance (19.4%), and leaf set up (2%) (Niger ROCARIZ report, 2005) .
From all the above characteristics presented by these new varieties of rice produced in Niger, and with the aim of giving farmers a wide range of high yielding varieties and responding to the need of all stakeholders, INRAN and PAFRIZ (CIRAD, 2000) have tested, in a participatory approach, the six best intra and inter specific varieties in farmer environmental conditions, during the dry and rainy seasons 2006. Three sites were used for the tests: Karma, Sébéry and Diambala (Sido et al., 2006) .
The overall objective of this study was to introduce to farmers new rice varieties such as NERICA through a participatory approach in order to improve rice production in Niger. The specific objectives were to: -Evaluate the agronomic performance of NERICA; -Identify farmers' choice among NERICA varieties (under field condition) and to know the criteria determining their choice; -Select NERICA varieties that have high milling quality and good taste.
These varieties were approved in 2007. These new varieties were registered in national catalogue of plant species and varieties in 2012 (CNEV, 2012) . Currently, these varieties are disseminated on all irrigation schemes of Niger.
MATERIALS AND METHODS

Sites selection
Three sites were selected: Karma, Sébéry and Diambala in Western Niger. The trials were conducted on farmers' fields. Two volunteer farmers were selected per site.
Rice varieties used for the experiment were three (3) NERICA, three (3) intrapecific and one local variety as follows: 1. WAS 4-B-B-9-1-4-TGR 48 2. WAS 122-IDSA-1-WAS-2-B-1-TGR 132 ( NERICA-L-16) 3. WAS 114-B-IDSA-B-WAS-1-1-TGR 144 4. WAS 173-B-B-13-7-TGR21 5. WAS161-B-6-WAS-B-TGR16 (NERICA-L-39) 6. WAS 122-IDSA-1-B-IER-18-6 (NERICA-L-49) 7. IR1529-680-3 (local check or control) called IR1529 The pedigree and origin of the varieties are shown in Table 1 .
Evaluation methods
The methods used in this study consisted of a scientific approach and farmers' evaluation. 
Observation and sampling methods
Field scientific/ agronomic evaluation
The following data were recorded: Dates of planting and of various field operations through the developmental stages from nursery to harvest, data on pests and diseases (were recorded using the IRRI SES scale), plant height (SES), number of panicles per m², date at 50% panicle development, phenotypic acceptability, yield in tons per ha, percentage sterility and 1000 grains weight.
Farmers'field evaluation
A field visit was organized in Sébéry at maturity stage where questionnaires prepared for socio-economic studies were given to 40 farmers. Observations consisted of the criteria determining the choice, classification of varieties, etc.
Post-harvest evaluation
Parboiling: two subsamples of about 50 kg Paddy each were taken from each variety. One subsample was parboiled using the local parboiling procedure commonly used in Tillabery region in order to compare the quality of each cultivar depending on milling method. Paddy grains were soaked and parboiled and then sun-dried. Pre-conditioning: before husking, the grain initial moisture was determined (AFNORV07 method), then pre conditioned at moisture content of 13-15% using sealed tanks. This was done in order to precondition the samples at the recommended moisture content for rice milling. Milling: the milling quality of the conditioned grains was evaluated by the research team of the Food Technology Laboratory (LTA/ INRAN) at the SSL Rice Milling Small Scale Factory. The parameters assessed consisted of milling yield (for brown/ cargo rice and white rice), percentage broken rice, percentage husk and bran. A milling quality demonstration test was conducted at the SSL rice milling factory in the presence of all people involved in the promotion of rice sector in Niger, in order to enable them to appreciate the milling procedure used and also the milling quality of each variety. Rice tasting (done at the SSL Rice Milling Mini factory degustation test): this test was carried out at the PAFRIZ office. Milled rice grains (parboiled and non parboiled) were cooked and tasted by a panel 23 people divided in four groups. The parameters assessed were color, stickiness, taste and the general acceptance. A record card was used to evaluate the parameters and to classify them based on preference. For data processing reasons, the classification was converted into numerical values.
Data analysis
Data obtained from scientific evaluation were statistically analyzed by analysis of variance (ANOVA) using SAS software. Where significant differences were found, means were separated using Duncan Multiple Range Test (DMRT) 50% level. Data from the socio economic evaluation were analyzed using SPSS program and the tendencies for choices of the varieties and the criteria determining these choices were clearly determined.
RESULTS AND DISCUSSION Agronomic evaluation
Yield is the most important parameter on agronomic basis (Hamadou et Sido, 1998) . The results of the two (2) seasons study are shown in Table 2 .
The data was pooled from the 3 sites. The percentage yield and rice production increment which could be derived from NERICA cultivation in Niger are shown. The results showed that there is a significant difference in yield between the varieties. NERICA-L-49 had the highest yield with 7.13 tons/ ha, 16% yield increase which was about 1 ton increase in rice production per ha compared to the local control (IR1529). IR 1529 showed good performance (6.14 ton/ha) in a rice based production system in Niger. An increase in yield of 2 tons compared to the national average yield on irrigation schemes which was 4 ton/ha (ONAHA, 1999) was achieved due to the fact that good cultural practices were ensured and the rice cultivation calendar was respected. Also, results from scientific work at AfricaRice (WARDA) (on NERICA showed that the presence of glaberrima genes was responsible for their good performance during the rainy season. The glaberrima cultivars were only cultivated during rainy season because they are not photo sensitive.
It was also given the yield by sites in order to evaluate the NERICA according to the localities where they are cultivated (Table  3) .
The results obtained showed a weak variation in yield of varieties. The difference in yield of inter sites was not very significant. The genotypes kept their agronomic performances whatever the environment they were cultivated. For example, the NERICA-L-49 recorded in Diambala (7.1 ton/ha), in Karma (7.17 ton/ha) and in Sébéry (7.07 ton/ha). That is in harmony with the reported literature which underlines the plasticity of interspecific and their broad adaptability and is said to have the ability to adapt to somewhat diversified environments.
For better quantification of the variable yield, other agronomic characteristics were analyzed. These included: the duration of growing cycle, number of panicle/m², percentage of sterility, weight of 1000 grains and phenotypic acceptability. The assessment of these various parameters was made according to the SES (Rice Standard Evaluation System) of IRRI (Table 4) .
Duncan Multiple Range Test (DMRT) at 5% revealed a significant difference between the varieties tested for the height, the growing cycle, the percentage sterility and the weight of 1000 grains. It did not show any significant difference in the number of panicle per m ². The results of Table 4 show the precocity of NERICA compared to IR 1529. All the NERICA tested were early maturing compared to the local variety. Earliness is a selection criterion of the varieties especially for a country like Niger where the second rice cultivation season is subdivided into two. Hence, the principal constraints are the overlapping of the rainfed and irrigated farming calendars (AW et al., 1998) . The growing cycle of interspecific is on average 140 days after sowings (DAS) and sometimes less than 140 DAS with variety NERICA-L-16 (139 DAS). Score 1 of phenotypic acceptability is a good indicator of adaptation of the NERICA to the agro ecosystem of the three sites in particular and Niger in general.
The yield of the NERICA tested was significantly increased because of the rainy season conditions. NERICA-L-49 recorded up to 7.4 ton/ha (Table 5 ). For rice producer in Niger the opportunity arises to lay out a range of variety of dry season and another of rainy season.
The use of the varieties NERICA-L-49, NERICA-L-39 and WAS 4-B-B-9-1-4-TGR48 in the farming systems that includes rice in Niger (SNDI/CER, 2003) causes profits of production of 3.4, 3.2, and 3 tons / ha respectively, compared to the national average yield which is of 4 ton/ha (AW et al., 1998) .
The study emphasized an average yield recorded for each NERICA variety tested. NERICA-L-49 was highest with 7.25 ton/ha followed NERICA-L-39 with 6.71 ton/ha and WAS 4-B-B-9-1-4-TGR 48 with 6.7 tons/ ha (Table 7) .
Socio-economic studies
The agricultural research made enormous efforts in Africa but unfortunately, these remain unimportant because of the low level of adoption and inadequate technologies transfer (Sido, 2006) . This is explained by the fact that the tests are carried out in places completely different from the real medium (the needs and perceptions of the producers were by no means taken into account in breeding and selection criteria). The methodological step of intervention under field condition INRAN differs from these old methods. This includes proposing the technology transfer unit improved varieties which answers only the concerns of the agronomist which is primarily good yield.
Also, the concern of meeting the needs for the producers requires taking into account their perceptions from the beginning of the breeding in order to ensure a better profitability of the investments. Indeed, the involvement of the farmers, at the beginning of the process makes it possible to lead to varieties that they already appreciate. This ensures a high rate of adoption and avoids making inefficient investments (Sido et al., 2006) . It is in this spirit that INRAN, in collaboration with the PAFRIZ, started this activity of evaluation and extension of improved varieties of rice on some irrigation schemes. The six varieties tested in dry cropping season were not always the best in terms of yield. This is why, beyond the agronomic evaluation of the tests, we took into account perceptions of the producers to ensure the choice of varieties which meet their needs.
Field visits were organized at the maturity stage. During these visits, the producers had the opportunity of observing the trials and of giving their appreciations. This also enables them to answer later questions on the basis of questionnaires structured to enable us identify their selection criteria. The point of view of rice processors and producers which are at the same time consumers are essential in the choice of the varieties. This evaluation enabled us to know the selection criteria of the farmers so that the breeders take them into account in their selection criteria, provide the producers, the genetic material which they have chosen, thus ensuring a high rate of adoption and a strong profitability of the investments in research.
Participative evaluation in dry season 2006
During the dry season 2006, INRAN organized a field visit for about 20 farmers by site who tested and classified the 6 varieties as shown in Table 8 .
The results from Table 8 clearly show that for the producers, the criteria that determines their choices go beyond the yield, NERICA-L-49 occupies the third rank (7,1 T/ha) whereas it was more productive than classified NERICA-L-39 ranked first with 6,1 T/ha. For better understanding of their choice, a field visit on larger scale was organized with the financial support of the PAFRIZ to allow us in a more formal way to address a much more representative sample.
Participative evaluation in rainy season 2006
The conclusion on the choice from the producers follows all the stages of the farmers' evaluation to fix oneself on their choice taking account of all the parameters into account. The results of participation are shown in Table 9 .
Eleven producers gave their point of view on the variety NERICA-L-49, 45% classified in first place because of good qualities of the heads and tillering which indicates a good production. It also presents shielding panicular leaves.
Results from the milling and taste evaluation
Rice milling Rice pre-conditioning
Data in Table 10 show the initial moisture content varying from 8.43 to 13.76 % for the white rice samples, and from 10.47 to 13.20 for the parboiled rice.
For good milling, white rice grain moisture content should be in the range between 12 to 16%. Therefore, all the samples were preconditioned at moisture content between 13 to 15%.
Rice husking and whitening
The results from the evaluation of the samples for milling quality, in terms of time of husking, milling yield, percentages of bran and husk are reported in Table 11 . For non parboiled rice, the values of these parameters vary respectively from 3 minutes 40 seconds (IR1529) to 5 minutes 16 seconds (NERICA-L-39); 61% (WAS 173-B-B-13-7-TGR21) to 68% (WAS 4-B-B-9-1-4-TGR 48); 11% (NERICA-L-49) to 17% (WAS 173-B-B-13-7-TGR21), and 20% (IR 1529 and NERICA-L-16) to 22% (WAS 114-B-IDSA-B-WAS-1-1-TGR 144, WAS 173-B-B-13-7-TGR21 and NERICA-L-49).
For parboiled rice, the time of husking fluctuates between 4 minutes 40 seconds (IR1529) and 6 minutes 30 seconds (WAS 173-B-B-13-7-TGR21 and NERICA-L-39) while the milling yield, bran and husk are respectively around 73,6% and 21%. It is advisable to specify that the milling yield which constitutes the most important parameter of the data of Table 11 indicates here the sum of the white rice and cargo rice (that certain professionals call milling yield). The results of the analysis as of these fractions of husked grains (Table 12 ), showed that the percentages of white rice and cargo rice (compared to paddy) of the non parboiled samples varied respectively from 53% (WAS 173-B-B-13-7-TGR21) to 59% (WAS 4-B-B-9-1-4-TGR 48 and NERICA-L-16) and 8% (NERICA-L-16, WAS 173-B-B-13-7-TGR21, and IR1529) with 12% (NERICA-L-49). For parboiled samples, the values of these parameters oscillate between 63% (WAS 173-B-B-13-7-TGR21) and 68% (WAS 4-B-B-9-1-4-TGR 48 and NERICA-L-16) and 6% (NERICA-L-49 and WAS 4-B-B-9-1-4-TGR 48) and 10% (WAS 173-B-B-13-7-TGR21).
Following the example of price and whiteness of rice, the percentage of broken rice also constitutes another determinant of the commercial value of rice. For that, we evaluated the percentage of broken rice of the milled rice obtained from each sample. The results obtained are given in Table 13 . These results showed high percentage of broken rice which varied from 31% 9 (WAS 114-B-IDSA-B-WAS-1-1-TGR 144) to 57% (WAS 4-B-B-9-1-4-TGR 48) for non parboiled rice. It was relatively low for the parboiled rice. It fluctuated between 3.5% (WAS 173-B-B-13-7-TGR21) and 12% (WAS 4-B-B-9-1-4-TGR 48).
From the results shown in Tables 11,  12 and 13, the following were the principals' tendencies: -Whatever the variety of rice considered, the milling yield and white rice of the parboiled samples were higher than those of the non parboiled samples. On the contrary, the percentage broken rice of the parboiled samples was significantly lower than that of non parboiled rice. This was in agreement with the opinions of people involved in rice production in general and processors in particular. On the other hand, all factors considered, the Cargo rice yield of the non parboiled rice samples seems to be comparable with that of the parboiled samples with the idea according to which the percentage of Cargo rice would be in relation to the capacity and the efficiency of the husking machine from where its designation of milling yield by certain professionals in rice milling; -The amplitude of the variation of the milling yield, in white rice and the percentage broken from the whitened rice was higher in non parboiled rice than in the parboiled samples. It was about 7 points for the milling yield, 6 points for white rice yield and 26 points for the percentage broken grain with regard to the non-parboiled samples against respectively 1, 5, and 9 points for the parboiled samples. These results showed that the rate of broken grain of the milled rice indeed constitutes a powerful factor of discrimination of milling quality of rice varieties. For the cargo rice yield, this amplitude seems to be constantly around 4 points.
Rice tasting (degustation)
The results of the sensory evaluation of the milling of non parboiled and parboiled samples are respectively given in Tables 14  and 15. Compared to the non parboiled samples, the results in Table 14 show that the score (and the ranking) of each variety of rice varied according to the organoleptic parameter considered. On the basis of classification, according to general acceptability integrating the color, the stickiness and the taste, variety NERICA-L-39 parboiled with a score of 25 was the most preferred by consumers. It was followed by NERICA-L-16 and WAS 173-B-B-13-7-TGR21 with respective scores of 21 and 17 points.
For the parboiled rice samples as shown in Table 15 , consumers preferred the varieties NERICA-L-49, NERICA-L-39 and WAS 4-B-B-9-1-4-TGR 48 with scores 23, 22, and 18 points respectively.
From the analysis of data (Tables 14  and 15 ), it was clear that on the organoleptic level, all introduced NERICA varieties outclassed the local check (IR1529). Variety NERICA-L-39 scored high both when parboiled and not parboiled. Indeed, it occupied 2 nd or 1st place depending on whether it was parboiled or not. On the basis of the scores obtained, according to the rice milling technique, the NERICA-L-49 variety (23 points when parboiled) had an interesting potential. 
Conclusion
This study on introduction and evaluation of irrigated NERICA in Niger (during two rice growing seasons dry season and rainy season), in 2006, made it possible to draw the following conclusions: 1. On agronomic level, three varieties were put forward and were selected for their high yielding potential of approximately 7 tons per ha. These were: NERICA-L-49, NERICA-L-39 and WAS 4-B-B-9-1-4-TGR 48. 2. On socio economic aspects, the variety NERICA-L-49 was appreciated by the farmers. 3. On the technological and organoleptic level: taking into consideration results from the rice taste evaluation, it was very difficult to give a clear tendency. Broadly, the varieties that were tested presented comparable milling output and white rice yields. However varieties WAS 4-B-B-9-1-4-TGR 48 and NERICA-L-16 recorded the best milling results in rice output and in white rice. On the other hand, in terms of organoleptic levels, all the introduced varieties of NERICA scored higher than the local check (IR1529). The best varieties were NERICA L-39 and NERICA L-49. Considering their interesting results in milling yield when parboiled, it will be desirable that the screening work continues on these varieties.
Finally, the comprehensive assessment (agronomic, socio economic, technological and organoleptic quality) made it possible to retain two varieties NERICA: NERICA-L-49, NERICA-L-39, and one intraspecific, WAS 4-B-B-9-1-4-TGR 48. These three varieties were approved in 2007. These new varieties were registered in national catalogue of plant species and varieties in 2012. Currently, these varieties are disseminated on all irrigation schemes of Niger.
